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OPTICAL SIGNAL PROCESSOR AND METHOD THEREOF 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to Japanese Patent 
Application No. 2003-088851, filed March 27 , 2003, the entire 
contents of which are incorporated herein by reference - 

FIELD OF THE INVENTION 

This invention generally relates to an optical signal 
processor and a method thereof, and more specifically, relates 
to an optical signal processor and a method thereof for using 
cross phase modulation (XPM) of a semiconductor optical 
amplifier . 

BACKGROUND OF THE INVENTION 

Cross phase modulation (XPM) for modulating a refractive 
index and cross gain modulation (XGM) for modulating gain (or 
an absorption) have realized an optical device to control an 
optical signal with another light. A semiconductor optical 
amplifier is well known as an optical element used for the XPM 
or XGM. 

For instance, by inputting a signal light to carry data 
and a CW light into an XPM or XGM optical element together, the 
CW light can be modulated by the signal light. This operation 
is used for changing optical carriers to carry data, namely used 
for wavelength conversion. Furthermore, by using one of the 
lights as a control light, an optical switch or an optical gate 
can be realized. 

Wavelength converters using an SOA are described in the 
following patents: 

US Patent No. 6,437,905; 

US Patent No. 6,256,137; 
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US Patent No. 6,349,106. 

US Patent No. 6,294,821 

US Patent No. 6,259,552, 

US Patent No. 5,946,129. 
5 US Patent No. 6,046,841; and 

US Patent No. 5,959,764. 
In the US Patent No. 5,959,764, a wavelength converter is 
described that utilizes mutual absorption saturation 
characteristics of an electroabsorption optical modulator. 
10 Fig. 3 illustrates a schematic block diagram of a 

conventional wavelength converter using an SOA. Fig. 4 
illustrates waveform examples of respective parts of the 
converter . 

A pulse signal light 50 with a signal wavelength Xs for 

15 carrying data enters a combiner 52. A waveform 70 in Fig. 4 
shows a waveform example of the input pulse signal light 50. 
In the following explanation, a period in which an optical pulse 
exists in the pulse signal light 50 and its corresponding period 
are called as a pulse period and a period in which no optical 

20 pulse exists and its corresponding period are called as a 
non-pulse period. 

A continuous wave (CW) light (probe light) 54 with a 
probe wavelength Xp different from the signal wavelength Xs 
enters a splitter 56. The splitter 56 splits the CW probe light 

2 5 54 into two portions to apply one portion to the combiner 52 
and the other to a phase adjuster 58. 

The combiner 52 combines the input pulse signal light 
50 and the one portion of the CW probe light 54 from the splitter 
56 and applies the combined light to a semiconductor optical 

30 amplifier (SOA) 60. The SOA 60 modulates optical phase of the 
CW probe light 54 using the XPM according to amplitude variation 
of the pulse signal light 50. Here, assuming that the bias of 
the SOA 60 is set so that the optical phase of the CW probe light 
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54 differs by n between the pulse period and the non-pulse 
period of the pulse signal light 50. 

An optical bandpass filter 62 passes through only the 
component of probe wavelength Xp out of the output light from 
5 the SOA 60. A waveform 72 in Fig. 4 illustrates amplitude 
variation and phase variation of the output light (with the 
probe wavelength Xp) from the optical bandpass filter 62. The 
SOA 60 also has an XGM effect and accordingly varies the 
amplitude of the CW probe light 54 according to the amplitude 

10 variation of the input pulse signal light 50. This variation 
becomes AM noise in the CW probe light 54 . In particular, large 
AM noise is superposed in the center of the pulse period. This 
is because the gain of the SOA 60 for the wavelength Xp decreases 
during the pulse period of the pulse signal light 50. Although 

15 omitted in Fig. 4, a pattern effect dependant on a data pattern 
of the pulse signal light 50 having entered the SOA 60 also 
causes the superposition of the AM noise on the CW probe light 
54. Under an ideal condition that no XGM nor pattern effect 
exists, the amplitude of the output light from the optical 

2 0 bandpass filter 62 flattens and only the optical phase of the 
output light varies according to the amplitude variation of the 
pulse signal light 50. 

The phase adjuster 58 adjusts the optical phase of the 
CW probe light 54 from the splitter 56 so that the optical phase 

25 shifts relatively by n from optical phase of a mark part of the 
output from optical bandpass filter 62. 

A combiner 64 combines the output light from the optical 
bandpass filter 62 with the CW probe light which optical phase 
was adjusted by the phase adjuster 58. A waveform 74 in Fig. 

30 4 illustrates a waveform of an output light 66 from the combiner 
64, The output light 66 from the combiner 64 is a 
wavelength-converted signal light in which the wavelength A,s 
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of the input pulse signal light 50 was converted into the probe 
wavelength Xp. 

In the conventional configuration, as illustrated in the 
waveform 74 in Fig. 4, the AM noise generated through the XGM 
5 in the SOA 60 is superposed on the wavelength-converted signal 
light (the output light 66 from the combiner 64) . Furthermore, 
AM noise of a longer cycle generated through the pattern effect 
from the data pattern of the input pulse signal light 50 is also 
superposed on the output light 66 from the combiner 64. Such 
10 AM noise greatly deteriorates the transmission characteristics 
and accordingly makes the data transmission unstable - 

This type of problem generally occurs not only in a 
wavelength converter but also in an optical device in which 
' interaction from the XPM of two signal lights having a different 
15 wavelength is utilized and in which AM noise caused by the XGM 
and/or pattern effect is superposed. 

SUMMARY OF THE INVENTION 

An optical signal processor according to the present 

2 0 invention comprises a first input terminal for a pulse signal 

light with a signal wavelength, a second input terminal for a 
probe light with a probe wavelength different from the signal 
wavelength, a first splitter to split the probe light into two 
portions, an XPM optical device, to which one portion of the 
25 output lights from the first splitter and the pulse signal light 
enter, to modulate optical phase of the one portion of the 
output lights from the splitter according to amplitude 
variation of the pulse signal light, a second splitter to split 
the light with wavelength phase-modulated by the XPM optical 

3 0 device into two portions, a first combiner to combine the other 

portion of the split output lights from the first splitter with 
the one portion of the split output lights from the second 
splitter in in-phase relation during a period corresponding to 
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a non-pulse period of the pulse signal light, and a second 
combiner to combine the other portion of the output lights from 
the second splitter with the output light from the first 
combiner in in-phase relation during a period corresponding to 
5 a pulse period of the pulse signal light. 

An optical signal processing method according to the 
invention comprises steps of inputting a pulse signal light 
with a signal wavelength, inputting a probe light with a probe 
wavelength different from the signal wavelength, splitting the 

10 probe light into two portions to generate first and second probe 
light components, modulating optical phase of the first probe 
light component by an XPM device according to amplitude 
variation of the pulse signal light, splitting the 
phase-modulated first probe light component into two portions 

15 to generate first and second PM modulated lights, combining the 
first PM modulated light with the second probe light component 
at practically equivalent amplitude in in-phase relation 
during a period corresponding to a non-pulse period of the pulse 
signal light, and combining the second PM modulated light with 

20 the combined lights of the first PM modulated light and the 
second probe light component in in-phase relation during a 
period corresponding to a pulse period of the pulse signal 
light. 

Preferably, the probe light comprises a continuous wave 

25 light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will be apparent from the following 
30 detailed description of explanatory embodiments of the 
invention in conjunction with the accompanying drawings, in 
which: 
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Fig. 1 is a schematic block diagram of an explanatory 

embodiment according to the inventions- 
Fig. 2 shows waveform examples of the embodiment shown 

in Fig. 1; 

5 Fig. 3 is a schematic block diagram of a conventional 

configuration; and 

Fig. 4 shows waveform examples of the conventional 
configuration shown in Fig. 3. 

10 DETAILED DESCRIPTION 

Explanatory embodiments of the invention are explained 

below in detail with reference to the drawings . 

Fig. 1 shows a schematic block diagram of an explanatory 

embodiment according to the invention. Fig. 2 shows waveform 
15 examples of respective parts of the embodiment. In Fig. 2, to 

make it easily understandable of the timing relation between 

respective waveforms 40-46, delays caused by each device in 

this embodiment are ignored. 

A pulse signal light 10 with a signal wavelength Xs for 
20 carrying data enters a combiner 12. A waveform 40 in Fig. 2 

shows a waveform example of the input pulse signal light 10. 

In the following description, a period in which an optical pulse 

exists in the pulse signal light 10 and its corresponding period 

are called as a "pulse period" and a period in which no optical 
25 pulse exists and its corresponding period are called as a 

"non-pulse period. " 

A continuous wave (CW) light (probe light) 14 with a 

probe wavelength Xp different from the signal wavelength ks 

enters a splitter 16. The splitter 16 splits the CW probe light 
30 14 into two equal portions to apply one portion to the combiner 

12 and the other to a combiner 2 8 through a phase adjuster 18 

and an attenuator 26. 
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The combiner 12 combines the input pulse signal light 
10 with the CW probe light 14 from the splitter 16 and applies 
the combined light to a semiconductor optical amplifier (SOA) 
20. The SOA 20 modulates optical phase of the CW probe light 
5 14 using the XPM according to amplitude variation of the pulse 
signal light 10. Here, assuming that a bias of the SOA 2 0 is 
set so that the optical phase of the CW probe light 14 differs 
by 7C between the pulse period and the non-pulse period of the 
pulse signal light 10. 

10 An optical bandpass filter (OBPF) 22 passes through 

exclusively the probe wavelength Xp, namely the PM modulated 
light, out of the output light from the SOA 20- A waveform 42 
in Fig. 2 shows amplitude and phase variations of the PM 
modulated light (probe wavelength Xp) output from the optical 

15 bandpass filter 22. Caused by the XGM and pattern effect, AM 
noise is superposed on the amplitude of the CW probe light 14 
in the SOA 20. Up to this point, the configuration is identical 
to that of the prior art shown in Fig. 3. 

A splitter 2 4 splits the PM modulated light with the 

20 wavelength Xp output from the optical bandpass filter 22 into 
two portions. One portion 24a of the split PM modulated lights 
enters a first input port of the combiner 28 a.nd the other 
portion 24b enters a combiner 32. 

The CW probe light split by the optical splitter 16 

2 5 enters a second input port of the combiner 2 8 through the phase 
adjuster 18 and the attenuator 26. The phase adjuster 18 
adjusts the optical phase of the CW probe light 14 from the 
splitter 16 so that the optical phase of the CW probe light 
entering the second input port of the combiner 28 becomes 

30 opposite to the optical phase of the PM modulated light 24a 
entering the first input port of the combiner 28, during the 
pulse period. The attenuator 26 adjusts the amplitude of the 
output light from the phase adjuster 18 so that the amplitude 
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of the CW probe light entering the second input port of the 
combiner 28 becomes approximately equivalent to the amplitude 
of the PM modulated light 24a entering the first input port of 
the combiner 28. It is also applicable to dispose the 
5 attenuator 26 in front of the phase adjuster 18. Owing to the 
phase adjuster 18 and the attenuator 26, the phase modulated 
light 24a and CW probe light (output light from the attenuator 
26) entering the combiner 2 8 have almost equal amplitude and 
also have identical optical phase during the non-pulse period 

10 of the phase modulated light 24a. 

. The combiner 2 8 combines the PM modulated light 24a 
(waveform 42) from the splitter 24 with the output light (CW 
probe light) from the attenuator 26- The input lights of the 
combiner 28 have opposite optical phase during the pulse period 

15 of the PM modulated light 24a (waveform 42) and have equal 
optical phase during the non-pulse period of the PM modulated 
light 24a (waveform 42), and furthermore, they have 
approximately equal amplitude. Therefore, as illustrated for 
a waveform 44 in Fig. 2, the output light from the combiner 28 

2 0 has an optical pulse waveform in which no optical pulse exists 
during the pulse period and an optical pulse exists during the 
non-pulse period, which is opposite to the waveform of the pulse 
signal light 10. As shown in the waveform 44, AM noise having 
phase opposite to that of the AM noise of the PM modulated lights 

25 24a and 24b (waveform 42) is superposed during the pulse period 
and AM noise having phase identical to that of the AM noise of 
the PM modulated lights 24a and 24b (waveform 42) is superposed 
during the non-pulse period. 

The output light from the combiner 28 enters the other 

30 input of the combiner 32 through an attenuator 30. The 
attenuator 30 attenuates the output light from the combiner 2 8 
so that the amplitude during the non-pulse period of the output 
light from the attenuator 3 0 becomes approximately equivalent 
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to the amplitude during the non-pulse period of the PM modulated 
light 24b entered the combiner 32 from the combiner 24. The 
reason this operation is performed is that during the non-pulse 
period, the amplitude of the output light from the combiner 28 
5 becomes larger by approximately 3 dB than the amplitude of the 
PM modulated light 24b because of the interference in the 
combiner 28. 

The combiner 32 combines the PM modulated light 24b 
(waveform 42) with the output light (waveform 44) from the 

10 attenuator 30 in negative-phase, namely with an optical phase 
difference 7C. That is, the PM modulated light 24b (waveform 
42) and the output light (waveform 44) from the attenuator 30 
are added in in-phase during the pulse period and the PM 
modulated light 24b (waveform 42) and the output light 

15 (waveform 44) from the attenuator 30 are added in 
negative-phase during the non-pulse period. By this operation, 
the light during the non-pulse period disappears because of the 
interference. The output light 34 from the combiner 32 has a 
waveform practically identical to the waveform of the pulse 

20 signal light 10 in which an optical pulse exists during the 
pulse period and only noise light exists during the non-pulse 
period. 

Regarding the AM noise component, the combiner 2 8 
extracts the AM noise component and the combiner 32 adds the 

25 extracted AM noise component to the PM modulated light in 
negative-phase. Specifically, the optical phase of the AM 
noise components in the PM modulated light 24b (waveform 42) 
and the output light (waveform 44) from the attenuator 30 are 
reversed. Accordingly, the combiner 3 0 functions to suppress 

30 the AM noise superposed on the PM modulated light 24b (waveform 
42) . As schematically illustrated by a waveform 46 in Fig. 2, 
a pulse signal light 34 with the prove wavelength Xp is obtained 
in which the AM noise caused by the SOA 2 0 is greatly suppressed. 
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It is possible to omit the attenuators 2 6 and 30 
depending on the branching ratio of the splitters 16 and 24 and 
the combining ratio of the combiners 28 and 32. As described 
above, it is possible to dispose a delay element on an 
5 appropriate location for timing adjustment depending on the 
condition of delays by the devices 12, and 16-32. 

Although the embodiment described above is an example 
in which the probe light 14 is a CW light, the SOA 2 0 functions 
as a logic operation device for binary-operating between the 
10 probe light 14 and the pulse signal light 10 when the probe light 
14 is a pulse signal synchronizing with the input pulse signal 
light 10- For instance, the embodiment shown in Fig. 1 also 
functions as an optical gate or optical switch. 

As readily understandable from the aforementioned 
15 explanation, according to the invention, AM noise caused by XGM 
and pattern effect in an optical interaction device can be 
effectively suppressed. 

While the invention has been described with reference 
to the specific embodiment, it will be apparent to those skilled 
20 in the art that various variations and modifications can be made 
to the specific embodiment without departing from the spirit 
and scope of the invention as defined in the claims. 
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